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AN ECONOMICAL DIELS-ALDER STRATEGY FOR
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SUMMARY: A convergent and essentially self-consistent strategy, featuring an unusual Diels-
Alder reaction has been devised for the stereo-controlled synthesis of a logical
tetracyclic precursor 21 to daphniphyllum alkaloids.

In this Letter we describe an economical strategy1 for the stereo-controlled synthesis

of a Togical tetracyclic precursor (viz 21) to the physiologically interesting and structur-

ally complex daphniphyllum a]kaloids.2 The strategy was derived through a general retro-

synthesis analysis of secodaphniphy11ine31 (1= 2=>3=>4¢+5) that indicated a Diels-Alder reaction

between the siloxy diene 4 and 2-carbomethoxy-3-methylcyclohexenone 5.4
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Simple 2-cyclohexenones are notoriously poor dienophiles in the absence of Lewis acids,5
but we reasoned that the 2-carboxy substituent in 5 would enhance dienophilicity and counter-
balance the increased steric demand for the transition state. A regioselective, suprafacial,
endo addition6 under thermal conditions, would generate a tricyclic keto ester (viz 18) with
not only the desired relative chirality at €6, C7, and C8 but also a silyl enol ether group
for a subsequent regio- and stereo-controlled delivery of a D-ring precursor to C12 (c/f 2=>3).
However, the lack of adequate precedents for the desired Diels-Alder step suggested that we
should also examine the [4+2]-cycloreactivity of diene ¢4 with potentially useful dienophiles
lacking a C3-methyl group, e.g. cyclohexenone 9.7 Consequently, our primary synthesis
objectives became ¢, 5, and 9.

Diene 48 was first prepared, from l-acetylcyclopentene 69 using standard conditions for
kinetic enolate formation and trapping, viz LDA (1.2 eq) then t-BuMe,SiCl1 (1.3 eq), but the
isolated yield using this method rarely exceeded 26%. We found, however, that 4 could be made
more conveniently and in higher yield (61%) by adding KH (5 eq) to a THF solution of 6
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containing t-BuMe,SiC1 (1.5 eq). Work-up simply involved filtration through Florisil,
concentration, and bulb-to-bulb distillation.
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Enone 9 was made efficiently through Birch reduction (K, NH,, THF, t-BuOH) of 2-methoxy
methylbenzoate 710 then hydrolysis [IMHC1/THF(1:1), A, 1h] of the enol ether 8, with concomi-
tant conjugation of the olefinic bond. The 3-methylcyclohexenone 5 could be prepared via 11
in an analogous way, but the synthesis of aromatic precursor 10 was protracted and ineffic-
ient.11

In a new and more direct approach to 5, the MOM ether 12 derived from m-cresol (CH,OCH,C1,
Hinig's base, THF, 25°, 17h) was first reduced (L1, NH,, THF, tBuOH) and the resulting
dihydroaromatic ether 13 carefully Tithiated (nBulLi-TMEDA, 1.5 eq, -30°, 3.5h), then carboxy-
Tated (CO,, -78°); finally, the acid 14 was methylated (CH,I, 10 eq, K,CO;, acetone, 25°,
8h) and the MOM enol ether 15 hydrolysed to 58 as for 11 above. It is noteworthy that the
site of MOM-assisted Tithiation in 13 is regio-complementary to that for the corresponding
aromatic ether 12, where attack is selective for the less hindered C6-ortho position.12

With the required Diels-Alder substrates in hand, we examined first the reactivity of
the less-substituted enone 9 (1 eq) with diene 4 (1 eq). In refluxing benzene, two separable
adducts (MPLC) were formed (22h, 62%) in a ratio 1:3 which could be designated as exo[aH(8)]-
168 and endo[sH(B)]z?8 respectively: 1in particular, conformational analysis based on
Dreiding models revealed that the endo adduct has an exposed convex g-face, whereas the exo
adduct has the a- and g-faces more equally exposed, i.e. the ester group is relatively more
hindered. Consequently, in 1H-nmr spectra, the g-carbomethoxy group shows a greater ASIS
(CC1y vws CGDG)13 upfield for the endo isomer 17 (0.44 ppm) than for the exo isomer 16 (0.27
ppm). Moreover, in the 13C-nmr spectra (CDC1,;), y-gauche effects on C8 are experienced from
€3 and C5 in the exo isomer 16 (540.5) but not in the endo isomer 17 (8§47.9). These data are
consistent with the indicated conformations for the cis-octalone A/B-ring moieties in 16 and
17, which tend to minimize steric interactions, particularly along the C7-C8 bond.

The facile and predominant formation of endo adduct 17 was encouraging for the crucial
Diels-Alder reaction between the enone 5 and diene 4. This was achieved by heating the
reagents (equi-molar) at 140° for 66h in a dry, base-washed glass tube which had been purged
of oxygen, evacuated, then sealed. MPLC easily separated starting materials from an adduct
(20%) which had spectroscopic characteristics entirely consistent with the desired endo
[8H(8)] structure 18.8
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17 R=H 19 R=CH, 21
18 R=Me 20 R=0

Next, the elements of the D-ring were introduced stereo- ani_regio-se]ective1y into
18 through fluoride-mediated alkylation with allyl bromide (nBu,NF, THF, -15°, 0.5h) to give
the olefin 19.5:14
X-ray analysis of 19 substantiated our structural assignments and showed the C12 allyl group
disposed axially to a boat-conformed B-ring.15 Therefore, we correctly predicted that the

A computer-generated perspective drawing (FIGURE 1) from single-crystal

FIGURE 1: Computer-generated
perspective drawing of 19
based on X-ray data; hydrogen
atoms have been omitted for

c1arity.15

derived intermediate a1gghyde 233(03, EtOH,CH,C1,; Zn-HOAc) would readily undergo the desired
aldol cyclization (nBu,NF, THF, 25°) to close the D-ring and, in this final step, complete
the main carbocyclic framework 218 of secodaphniphylline 1.

Clearly, the economy of our strategy for daphniphyllum alkaloid synthesis is derived from:
(1) the convergency, Z.e. ¢4 + 5 (2) the self-consistency” i.e. after each C-C bond construc-
tion, the residual functionality is correctly sited for the next construction and (3) the
stereochemical control. Thus, the required four rings and five contiguous asymmetric centres
of 21 are assembled in just four steps. We note parenthetically that the regio-controlled
(C2) lithiation of dihydroaromatic ether 13, and the improved preparation and fluoride-
mediated alkylation of t-butyldimethylsilyl enol ethers, are methodologies with a wider
potential in synthesis. Accordingly, these are currently under investigation in parallel with
the elaboration of 21 towards secodaphniphylline 1.
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The stereochemistry at €12 follows from the expected attack by allyl bromide to the
convex g-face of fluoride-activated 18. By analogy, endo adduct 17 also gave a single
isomer, whereas the more planar exo adduct 16 afforded a mixture of C12 epimers.
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